Background-Pediatric cardiopulmonary resuscitation (CPR) for >20 minutes has been considered futile after pediatric inhospital cardiac arrests. This concept has recently been questioned, although the effect of CPR duration on outcomes has not recently been described. Our objective was to determine the relationship between CPR duration and outcomes after pediatric in-hospital cardiac arrests. Methods and Results-We examined the effect of CPR duration for pediatric in-hospital cardiac arrests from the Get With
C ardiac arrests occur in 0.7% to 3% of pediatric hospital admissions and 1.8% to 5.5% of pediatric intensive care unit admissions, representing significant societal, familial, and economic costs. [1] [2] [3] [4] Survival rates after in-hospital cardiac arrests (IHCAs) improved from 9% in 1987 to 16% to 30% in the last decade. 1, [5] [6] [7] [8] [9] Children who undergo cardiac surgery are at greater risk of experiencing a cardiac arrest, although recent studies have found that children with cardiac disease have improved survival compared with other patient groups. [10] [11] [12] Conversely, trauma patients have dismal survival rates after cardiac arrest, making it important to consider these distinctions in cardiac arrest research.
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In the mid-1990s, authorities considered pediatric cardiopulmonary resuscitation (CPR) futile beyond 20 minutes duration or when >2 doses of epinephrine were provided. 5, 14 Although recent pediatric data indicate that some children survive with CPR of increased duration, this has not been rigorously evaluated.
The American Heart Association's Get With The Guidelines-Resuscitation (GWTG-R) is the only national registry of in-hospital resuscitation events. The objectives of this study were to use the GWTG-R data to evaluate the relationship between CPR duration and intact survival to hospital discharge after pediatric IHCA according to patient illness category.
Methods
Design
The AHA GWTG-R is a prospective, multicenter registry of IHCA and resuscitation events using Utstein-style data reporting. [16] [17] [18] Its design has been described in detail (www.heart.org/resuscitation). 19, 20 This analysis includes data from 328 US and Canadian hospitals between January 1, 2000, and December 31, 2009 . This study was approved by the Institutional Review Board at the University of Pittsburgh.
Data Collection and Integrity
Index events are defined as the patient's first cardiopulmonary arrest event during the hospitalization. Predefined patient illness categories are based on patient characteristics at the time of cardiopulmonary arrest. General medical patients had a primary diagnosis of medical illness that was not cardiovascular. Medical cardiac patients had a primary diagnosis of medical illness that was cardiovascular. General surgical patients were preoperative with a general surgical illness or postoperative after noncardiac surgery. Surgical cardiac patients were postoperative after cardiac surgery. Trauma patients had single or multiple injuries. Patients with "do not attempt resuscitation" orders before their first IHCA are excluded from the registry.
Inclusion and Exclusion Criteria
We included all index pulseless IHCA events occurring in patients <18 years of age for which at least 1 minute of chest compressions was provided. In addition to hospital inpatients, we included patients in other locations (outpatient clinics within the hospital, visitors, and inpatients of rehabilitation, skilled nursing, and mental health facilities attached to study hospitals). We excluded patients in whom the event began out of the hospital or in the neonatal intensive care unit, delivery room, or nursery. We also excluded patients with illness categories of newborn, obstetric, or other illnesses. For patients who were documented as receiving >180 minutes of chest compressions, the CPR duration variable was winsorized at a predefined maximum of 180 minutes to reduce the effects of possibly spurious outliers.
Outcome Measures
The primary outcome measure was survival to hospital discharge. Secondary survival measures included return of spontaneous circulation >20 minutes, 24-hour survival, and survival to discharge with favorable neurological outcome. Neurological outcome was determined with the use of pediatric cerebral performance category (PCPC) scales, which were assigned after a review of medical records. [21] [22] [23] Favorable neurological outcome was prospectively defined in 2 ways: a PCPC score of 1, 2, or 3 on hospital discharge or discharge PCPC no worse than on admission. Additionally, the analysis was repeated excluding a PCPC score of 3 as a favorable neurological outcome, which can be found in the online-only Data Supplement.
Statistical Analysis
We conducted analyses using SAS 9.0 (SAS Inc, Cary, NC) and Stata 12.1 (Stata Corp, College Station, TX). Chest compression duration was analyzed as both a continuous variable and a categorical variable. Categories of CPR duration were determined with cut points used in previous studies and an analysis of the relationship between hospital survival and duration with a generalized additive model. The following variables were selected a priori for the multivariate model because of their clinical significance and on the basis of earlier literature: initial pulseless rhythm, age category, event time of day, event day of week, extracorporeal membrane oxygenation (ECMO), calcium bolus given during the arrest, underlying sepsis, underlying renal insufficiency, and vasoactive infusion when the arrest occurred. 1, 13, 20, [26] [27] [28] All remaining variables were tested, and those with a value of P<0.2 were added to the model individually. We used the net reclassification index to determine the predictive variables for the final model. We then used the receiver-operating curve and its area under the curve to show that our final model was well suited to predict the probability of survival (P<0.05). 29 Multivariable logistic regression models were fit using the data from all study patients to generate the predicted probability of survival and of favorable neurological outcome according to CPR duration for each patient illness category. The variables included in the final survival model were also used in the model predicting neurological outcome. To account for the possible correlation of individual survival in the same hospital, we repeated the analysis using a generalized estimating equation model with the exchangeable correlation structure and with hospital as the cluster variable. The results of this analysis were similar; incorporating hospital effects did not change the conclusion. Adjusted OR comparing illness categories used the general medical patients as the reference group. Predicted probability curves were generated with the adjusted model based on illness categories across CPR duration.
Results
Of 3419 pediatric IHCAs in 328 hospitals that fulfilled inclusion and exclusion criteria ( Figure 1 and Figure I in the onlineonly Data Supplement), 56% occurred in hospitals with ≥80 pediatric beds and 86% occurred in hospitals with at least 20 pediatric beds. The mean±SD age of the study sample was 4.9±6.0 years. Almost all events were witnessed (92.0%) and monitored (90.5%; Table 1 ). Return of spontaneous circulation for >20 minutes occurred in 2178 patients (64%); 1373 (40%) were still alive at 24 hours after the event; 954 (27.9%) survived to hospital discharge; and 651 (19.0%) had a favorable neurological outcome (68.2% of hospital survivors).
Respiratory insufficiency (59.1%) and hypotension (39.9%) were the most common comorbidities. Among medical and surgical cardiac patients, arrhythmias were present in 29.6% (Table 2 ). Two thirds of arrests (66.8%) occurred in the intensive care unit, 14.4% in the emergency room, 10.0% on the inpatient ward, and 6.2% in an operative or recovery area (Table 2) . Hypotension, arrhythmias, and acute respiratory insufficiency were the most common immediate precipitating causes of the arrests. Variables associated with survival are listed in Table 1 , and variables associated with illness categories are listed in Table 2 .
Compared with other patients, trauma patients were more likely to be older and their arrests were more likely to occur January 29, 2013 in the emergency department. Surgical cardiac patients were more likely to be younger and hypotensive, to arrest in an intensive care unit, and to have medical devices and vasoactive infusions in place at the time of the arrest. Both surgical and medical cardiac patients were more likely than other patients to have a shockable first documented rhythm (P<0.0001). Surgical cardiac patients were also placed on ECMO more than any other group, with no change in survival with ECMO 
Survival to Hospital Discharge
Median duration of CPR for survivors was 10 minutes and for nonsurvivors was 25 minutes (P<0.0001). Among the 954 survivors, 343 (36.0%) had CPR for >15 minutes and 158 (16.6%) had CPR >35 minutes. In the first 15 minutes of CPR, the survival rate fell linearly, decreasing by 2.1% per minute of chest compression (R 2 =0.9992). The survival rate continued to decrease with increasing CPR duration: 44.1% for 1 to 15 minutes, 17.8% for 16 to 35 minutes, and 15.9% for >35 minutes. Surgical cardiac patients had the highest percentage of children who had return of spontaneous circulation >20 minutes (72.0%), survival at 24 hours (60.5%), and survival to hospital discharge (38.6%; ( Table 3 and Table I in the onlineonly Data Supplement). Figure 2 and Figure II in the online-only Data Supplement illustrate the predicted probability of survival according to CPR duration and illness category. Using this adjusted model, we estimate that the probability of survival for similar populations of children who suffer a pulseless cardiac arrest and experience 15 minutes of CPR would be 29.2% and with 35 minutes of CPR would be 19.7%. Figure 3 and Figure III in the online-only Data Supplement show the actual survival and neurological outcomes according to patient illness category for each CPR duration category.
We calculated adjusted ORs according to CPR duration for each patient illness category, and the order of survival was the same as in the unadjusted analysis (Table 4 and Table II in the online-only Data Supplement). Compared with general medical patients, surgical cardiac patients had the best survival (OR, 2.5; 95% CI, 1.8-3.4), followed by general surgical and medical cardiac patients (P<0.0001).
Neurological Outcome
We compared admission and discharge PCPC to evaluate neurological outcome. 22 Similar to survival outcomes, the probability of a favorable neurological outcome fell linearly in the first 15 minutes of CPR (R 2 =0.9972) and decreased by 1.2% for each additional minute of chest compressions. Favorable neurological outcome was achieved in 11.0% of all children after CPR for >15 minutes and in 9.5% after 35 minutes. The majority of survivors had a favorable neurological outcome: 223 of 343 (65.0%) after CPR for >15 minutes and 95 of 158 (60.1%) after CPR for >35 minutes.
The predicted probability of a favorable neurological outcome decreased with increasing CPR duration and was affected by illness category (Figure 2 and Figure II in the online-only Data Supplement). Surgical cardiac patients had the highest adjusted predicted probability of a favorable neurological outcome: 38.9% at 15 minutes of CPR and 26.2% at 35 minutes. Medical cardiac, general surgical, and general medical patients had outcomes similar to those of all patients. Trauma patients had the poorest outcomes after any amount of CPR; at 15 minutes, the probability of favorable neurological outcome was 4.3% (2.4% at 35 minutes). At longer durations of CPR, surgical cardiac patients also had the highest probability of a favorable neurological outcome at discharge. At 60 minutes of CPR, the adjusted probability of favorable neurological outcome was 14.6%, and at 90 minutes, it was 6.7%.
Adjusted ORs for favorable neurological outcome are reported in Table 4 and Table II in the online-only Data Supplement. Compared with general medical patients, surgical cardiac patients had the highest odds of achieving a favorable neurological outcome (OR, 2.7; 95% CI, 2.0-3.9; P<0.001). Trauma patients were the only group to have decreased odds of favorable neurological outcome compared with the general medical group (OR, 0.2; 95% CI, 0.1-0.4; P<0.001). When we redefined favorable neurological outcome as PCPC 1 or 2 or no change from baseline, we also found similar results in all illness categories (see the online-only Data Supplement).
Discussion
This is the largest study of pediatric IHCAs to date with a large, multicenter sample that is widely generalizable. We found that after adjustment for confounding factors, CPR duration was inversely associated with survival to hospital discharge and neurological outcome, and that the sample of surgical cardiac patients had better outcomes than patients in all other illness categories. Importantly, this study suggests that some children who would presumably die without CPR survive with a favorable neurological outcome even after prolonged resuscitation efforts. Several studies found CPR duration to be a key predictor of survival after cardiac arrest. However, many studies were single-center studies, focused on out-of-hospital arrests (or both IHCA and out-of-hospital arrests), or used retrospectively collected data. 15, 24, 30 Inclusion of adults, smaller sample sizes, and inconsistent definitions also made it difficult to quantify the true impact of CPR duration and patient illness category in these studies. However, our study used prospectively collected data from multiple centers using the Utstein guidelines for uniform data reporting, carefully minimizing information bias, observer bias, and surveillance bias.
We analyzed outcomes after CHD indicates congenital heart disease; CHF, congestive heart failure; CNS, central nervous system; ECMO, extracorporeal membrane oxygenator; IQR, interquartile range; and ROC, return of circulation. Night is defined as 11 pm to 6:59 am. Weekend is defined as 11 pm Friday to 6:59 am Monday.
*Other includes operating room, recovery, and diagnostic areas. †Insignificant. All P values were statistically significant at <0.01 except where noted. ‡Patients could have >1 immediate cause of arrest. §Patients with advanced directives or "do not resuscitate" (DNR) orders preceding an arrest were excluded from the registry, but patients whose families created a DNR order after their arrest are included. worse survival. Previous studies used 15 minutes as the initial cut point. We found that outcomes in the first 15 minutes are linear and decline rapidly, highlighting the importance of quick return of spontaneous circulation. Each minute is critical to achieving both survival and a favorable neurological outcome. However, the finding that intact survival after >35 minutes of CPR is as high as 16.2% in certain patient groups is novel, considering that some studies have found overall survival to be 16%. The survival outcomes in this sample are similar to recent studies of pediatric IHCA. 1, [6] [7] [8] [9] Other studies also reported favorable neurological survival to be 14% to 22%, 1, 6, 7, 27 which is consistent with the 19.0% rate of survival with favorable neurological outcome and 68.2% rate of favorable neurological outcomes among hospital survivors reported in this study. 9 There are many reasons why CPR duration could affect survival and neurological outcomes after IHCA. Even when ideally performed, CPR still represents a low-flow state, and increased duration of CPR increases the risk of interruptions from changes in providers and leads to a longer duration of no flow. 31 Longer duration of CPR has also been associated with shallower chest compressions and excessive residual leaning force, which contribute to worse perfusion of heart and brain. 32 Nevertheless, prolonged duration of CPR was able to bridge many patients from pulselessness to return of spontaneous circulation and survival to discharge with a favorable neurological outcome. Although these data indicate that prolongation of CPR leads to worse outcomes, they also indicate that some children have a favorable neurological outcome even after prolonged CPR. Unfortunately, these data do not provide a simple solution for when to discontinue CPR.
The finding that patient illness category is strongly associated with mortality is consistent with previous reports. Studies of both adults and children reported higher survival rates in cardiac intensive care units than in noncardiac units, which suggests a survival benefit for cardiac patients.
11,33 A multicenter study by Berens et al 34 involving 257 pediatric cardiac arrests found that patients with respiratory-induced arrest had a better survival at shorter CPR durations but that survival decreased dramatically with time, whereas survival after a cardiac-induced arrest remained unchanged with increasing duration of CPR. More recently, GWTG-R investigators reported that pediatric surgical cardiac patients are more likely to survive to hospital discharge after IHCA than those with medical cardiac or noncardiac disease. 10 Similarly, the results of our analysis suggest that the probability of survival with favorable neurological outcome in surgical cardiac patients who undergo long durations of CPR may be higher than in other categories of illness, which may allow clinicians to estimate outcomes for these patients after arrest.
We found that surgical cardiac patients had the best outcomes and trauma patients had the worst outcomes at each incremental increase in CPR duration. In fact, surgical cardiac patients had a better probability of survival after 90 minutes of chest compressions than trauma patients had after 1 minute. The reasons for this difference are likely multifactorial. ROSC indicates return of spontaneous circulation.
All P values were statistically significant at <0.01. *Favorable neurological outcome was defined as pediatric cerebral performance category of 1, 2, or 3 on hospital discharge or no change from baseline. Figure 2 . Adjusted probability of outcomes at hospital discharge by cardiopulmonary resuscitation (CPR) duration stratified by patient illness category (adjusted for initial pulseless rhythm, age category, weekend, night, extracorporeal membrane oxygenation, calcium administration, sepsis, renal insufficiency, vasoactive infusion during arrest, event location, sodium bicarbonate administration, prior history of a cardiopulmonary arrest, prearrest apnea monitor, prearrest pulse oximeter, and patient hypotension before arrest).
Although cardiac patients in this study were younger and more frequently had shockable rhythms (both previously associated with higher survival), 6, 7, 27 we attempted to control for these factors in the multivariate model. In addition to the younger age of the surgical cardiac sample, some key variables of the surgical cardiac patients not recorded in the registry may explain the difference in outcomes. Furthermore, the baseline risk of surgical cardiac patients may be modified by characteristics related to their postsurgical condition. For example, mechanisms involved such as preconditioning may be cardioprotective in subsequent ischemia, 35, 36 and postbypass surgical cardiac patients may be preconditioned to better withstand the low-flow, hypoxic conditions of an arrest. All studies of multicenter registries are limited by the challenges of ensuring data integrity at multiple sites. These limitations were minimized by the rigorous abstractor certification process, uniform data collection, and use of consistent Utstein definitions. Another potential limitation of this study is lack of generalizability. The GWTG-R centers account for 10% of all hospitals in the United States and represent all geographic US Census regions. However, these volunteer centers pay a fee and thus may have more resources, as well as a greater interest in CPR outcomes, than other US hospitals. Thus, the absolute proportion rates in our sample population may differ from those in other US hospitals, although this may not affect the relative proportions. In addition, we excluded infants cared for in the neonatal intensive care unit, including surgical cardiac or general surgical patients; therefore, these results would not be generalizable to this population. This study is also limited by the potential heterogeneity of the illness categories, which do not indicate the cause of arrest. We were unable to completely control for disease severity through the use of physiological variables (an innate limitation of the GWTG-R registry). However, this database did have >400 variables that we were able to evaluate and include in our assessment. This study may also have limitations in patient selection. We included outpatients and visitors (n=62) in this study because the arrests occurred in a hospital where responders are rapidly present with in-hospital expertise and equipment. However, these patients are undoubtedly different from inpatient or emergency room patients, and the results may not be generalizable to this group. We also included patients with a history of an arrest during a previous admission (n=134), which could have the remote possibility that some of these patients were included in the analysis more than once. Although the probability is low, we included prior cardiopulmonary arrest in the multivariable model to adjust for some of these limitations. Finally, our study is limited by lack of long-term neurological follow-up and the use of only a global measure of neurological function, the PCPC, as a neurological outcome. However, previous studies suggest that neurological status at discharge is not substantially different from status at 6 months and 1 year after arrest, and the PCPC is the standard for Utstein reporting. 1, 37, 38 These findings have implications for in-hospital care. Pediatric providers involved with inpatient resuscitation should understand that rapid deployment of high-quality life support is essential because the probability of survival and favorable neurological outcome decreases with every passing minute. This study should also help dispel common perceptions that CPR is futile beyond 20 minutes because patients in certain illness categories such as surgical cardiac patients have favorable probabilities of good neurological survival after longer durations of CPR. Conversely, trauma patients who sustain IHCA have much worse outcomes across all CPR durations, which is consistent with previous studies. 13, 39 Although this study was not designed to offer decision rules about when to discontinue CPR in individual patients, the results suggest that further studies are indicated to determine whether prolonged resuscitative efforts are warranted in particular groups of patients such as posttraumatic arrests. CI indicates confidence interval. *The adjusted model includes initial pulseless rhythm, age category, weekend, night, extracorporeal membrane oxygenation, calcium administration, sepsis, renal insufficiency, vasoactive infusion during arrest, event location, sodium bicarbonate administration, prior history of a cardiopulmonary arrest, prearrest apnea monitor, prearrest pulse oximeter, and patient hypotension prior to arrest.
†Too few cases to report (3 of 65 had favorable neurological outcome in trauma category).
